The currently available chemotherapeutic regimens do not use a specifically designed drug delivery system. The objective of this study was to compare outcome measures, adverse effects, and cost of FOLFOX4 and FOLFIRINOX treatments in rectal cancer patients.
Background
The Central Research Ethics Committee for Oncology Society of China has concluded that rectal cancer is a major fatal condition in PR China. In 2011, there were more than 50 000 new patients with various stages of rectal cancer [1] .
Rectal cancers are found in lymph nodes and rectal walls and are difficult to cure [2] . The current option for treatment is total mesorectal excision or blunt rectal surgical techniques with preoperative or postoperative adjuvant chemotherapy following radiotherapy. Historical studies suggest that adjunct chemotherapy reduces local recurrence [3] .
The current standard chemotherapy in rectal cancer is 5-fluorouracil (5-FU) [4] . Folinic acid (FA) modulates the action of 5-FU and increased survival of patients [5] . Moreover, oxaliplatin (OP) possesses synergistic action with 5-FU and FA [4] . Irinotecan (IT) is a topoisomerase I inhibitor with augmented efficacy with 5-FU in rectal cancer [6] .
There are several regimens used as chemotherapy in rectal cancer, such as FOLFOX (FA, 5-FU, and OP), FOLFIRI (FA, 5-FU, and IT) [7] , and FOLFIRINOX (FA, 5-FU, IT, and OP) [8] . There are also 2 regimens for FOLFOX: FOLFOX4 and FOLFOX6. In FOLFOX4, drugs are administered as 12 cycles and cycle/2-weeks [4] . In FOLFOX6, the drugs are administered as 12 cycles and cycle/ weeks [9] . These regimens are not targeted, self-engineered, or tailor-made drug delivery systems. They have lethal effects on humans and an increased mortality rate [10] . However, use of chemoradiotherapy after surgery has an effect on local recurrences [11] and overall survival [12] of the patient. Therefore, it is necessary to know the advantages and disadvantages of each chemotherapy regimen.
The objective of this study was to compare outcome measures, treatment-emergent adverse effects, and cost of treatment of FOLFOX4 and FOLFIRINOX regimens in rectal cancer patients undergoing cancer treatment.
Material and Methods

Materials
Hematoxylin, eosin, normal saline, and formalin were purchased from Wuhan Heng Heda Pharm Co., Ltd. Hubei, China. FA, 5-FU, OP, and IT were purchased from Shandong Sino Pharmaceutical Technology Co., Ltd., Shandong, China, Wuhan Honor Bio-Pharm Co., Ltd., Wuhan, China, Shanghai Yijing Industrial Co., Ltd., Shanghai, China, and Qingdao Fraken International Trading Co., Ltd., Shandong, China, respectively.
Ethical statement
The Research Ethics Committee For Oncology of Huzhou Central Hospital, China, approved the experimental protocol, and the ethics guidelines for oncology research on human subjects in accordance with the Chinese law were followed [13] .
Diagnosis and surgical resection
Patients suspected to have rectal cancer underwent rectal colonoscopy [14] , CT-scan, and high-resolution rectal MRI [15] . During the diagnosis process, patients who were found to have rectal tumors and who required surgical resection were recommended for surgery. After getting written informed consent from the patients or their relatives, the patients underwent rectal surgery [16] .
Detection of stage of cancer
Analysis of KRAS gene mutation
Tumors removed by surgical resection was frozen in a Dwc-196 liquid nitrogen refrigeration low-temperature chamber (HST Group Co., Ltd., Shandong, China). The DNA from tumors was extracted using a blood and tissue DNA extraction mini kit (Guangzhou Changyu Biotechnology Co., Ltd., Guangzhou, China), then polymerase chain reaction and exon 1 and 3 were sequenced. Direct sequencing was carried out using the CA-40212E kit (Changsha Aube Didactic Equipment Co., Ltd., Hunan, China) [6] .
Histopathology
We collected a 4-mm sample of tissue from the surgically resected tumor. The sample was fixed in 10% formalin. The specimen was stained with hematoxylin and eosin and observed under a binocular stereo microscope with top and bottom light illumination (M633c, Chongqing Dontop Optics Co., Ltd., Chongqing, China) under 10× and 45× [15] .
In the above pathological and clinical data, biopsies and autopsies were considered for analysis. By using the TNM rectal carcinoma staging system, the stage of cancer was detected at baseline (Table 1 ) [17] .
Aim
Primary aim
Clinicopathology. The primary aim of the study was the clinicopathological response of the patients' body after chemotherapeutic treatment.
1971
Secondary aim
Treatment-emergent adverse effects. A secondary aim of the study was overall survival, cancer-free conditions, and toxicities.
Inclusion criteria
We included rectal cancer patients with advanced adenocarcinoma of the rectum who were admitted to the Department of Anorectal Surgery and the Department of Hepatobiliary Surgery, Huzhou Central Hospital, Huzhou, China during January 2008 to March 2017, and who were age 18-70 years, had a 0-8 cm distance margin of the tumor from the anal verge, and had no prior chemotherapy exposure. All subjects were over 18 years of age and gave informed consent for chemotherapeutic treatment and publication in educational magazines, journals, textbooks in any form or medium (including all forms of electronic publication or distribution) anywhere in the world without time limit. Data were available from patients' DCOIM files of Huzhou Central Hospital, Zhejiang, China.
Exclusion criteria
We excluded patients who had impaired renal function, liver function, or and inadequate blood cell counts were excluded from the study as were patients who refused MRI or surgery, 24: 1970-1979 or who had incomplete histopathology and KRAS gene mutation data.
Chemotherapy treatment and sample size
The demographical parameters of the patients involved in the study are reported in Table 2 . After surgery, those patients who were refused and were not administered chemotherapy and radiotherapy after surgery were included in the control group. [18] were included in the FFIO group.
For optimum statistical analysis, the sample size was 150 for each group. The flow chart of chemotherapeutic treatment is shown in Figure 1 .
Pathological response
In rectal cancer, carbohydrate antigen 19-9 and serum carcinoembryonic antigen are tumor markers [19] . A blood sample of patients was collected after each cycle of chemotherapy. Carbohydrate antigen 19-9 and serum carcinoembryonic antigen in blood samples were evaluated by a pathologist who was blind to the chemotherapeutic treatments [20] .
Cost of treatment
The total cost of treatment included costs related to diagnosis before surgery, chemotherapy, radiotherapy, follow-up visits, and diagnosis in follow-up. However, the charges did not include the treatment of adverse effects and related hospitalization. Travel costs from home to hospital were not counted in the cost of treatment. A bootstrap procedure was used for evaluating the cost of treatment in all groups [21] .
Treatment-emergent adverse effects
Approval from the Central Research Ethics Committee for the Oncology Society of China was obtained for evaluation and analysis of treatment-emergent adverse effects. Fatal and nonfatal and treatment-emergent adverse effects of chemotherapy such as neutropenia, thrombocytopenia, nausea, vomiting, stomatitis, diarrhea, hepatic diseases, fatigue, peripheral neurotoxicity, skin rashes, and pulmonary complications were evaluated during follow-up. Neutropenia, thrombocytopenia, pulmonary complications, and hepatic diseases were evaluated from a blood sample collected and using the 3-Part Blood Cell Counter (Henan Forever Medical Co., Ltd. Henan, China). Peripheral neurotoxicity was evaluated by an expert neurologist available in the hospital. Nausea, vomiting, skin rashes, stomatitis, diarrhea, and fatigue were assessed by a questionnaire administered to patients [4] .
Cancer recurrence
After completion of chemotherapy, all radiological and pathological data were evaluated every 6 months. The liver is the most prominent site for metastasis in rectal cancer [5] . Recurrence was considered if patients had a positive rectal, liver, pulmonary, or colon tumor. To check the recurrence, rectal biopsy or autopsy were carried out every 6 months [13] . The response of tumor recurrence to chemotherapy was evaluated by RECIST (Response Evaluation Criteria In Solid Tumors) guidelines [22] .
Overall survival
Overall survival irrespective of cancer-free conditions was also evaluated after completion of treatments for each group during follow-up [7] .
Statistical analysis
Ordinary ANOVA was performed for tumor staging, nodal-staging, and pathological responses before surgery among the groups. Two-tailed t tests (considering b=0.1 and a=0.05) [23] following Turkey post hoc test (considering q>3.331 for significant) were used for anatomical characteristics of enrolled patients, fatal and non-fatal chemotherapeutic treatment-emergent adverse effects after complication of all cycles, total cancer recurrence analysis, only rectal cancer recurrence analysis, and cost of treatment. Wilcoxon rank sum test (considering q>3.331 for significant) was performed for tumor and nodal staging and clinicopathological responses between before surgery and after completion of total treatment(s) [24] . All statistical tests were performed using InstatGraphPad software (GraphPad Software, Inc., CA). The results of parameters were considered significant at 99% confidence level for anatomical characteristics, tumor staging, nodal staging, and pathological responses of enrolled patients before surgery. However, the results of parameters were considered significant at 95% confidence level for fatal and non-fatal chemotherapeutic treatment-emergent adverse effects, tumor staging, cost of treatment, overall survival irrespective of cancer-free condition, total cancer, and only rectal recurrence analysis after treatment.
Results
There were no differences between groups in anatomical or cancerous characteristics of enrolled patients at baseline (p³0.05 for all characteristics).
There was no difference in tumor staging (p=0.1248) and nodal staging (p=0.2516) among the group before surgery. After surgery or chemotherapy after surgery, following radiotherapy there were improved disease-free conditions according to tumor staging and nodal staging in enrolled patients (p£0.05 for both, Table 3 ).
Surgery only did not sufficiently decrease elevated levels of carbohydrate antigen (p=0.0653) and carcinoembryonic antigen 19-9 (p=0.0592). However, after surgery, chemotherapy following radiotherapy succeeded in maintaining elevated levels of carbohydrate antigen and carcinoembryonic antigen 19-9 (p£0.05 for both, Table 4 ). The cost of chemotherapeutic treatments was in the order of FFIO group > FFO group > control group (Figure 2 ).
Non-fatal treatment-emergent adverse effects were due to chemotherapeutic drugs only (p£0.05 for all effects). However, fatal chemotherapeutic treatment-emergent adverse effects were observed only in the FFIO group (p=0.00001 for all effects, Table 5 ).
The FFIO group had more rectal cancer-free patients than in the FFO and Control groups during 90 months of follow-up (p£0.05, Figure 3 ).
Overall survival irrespective of diseased condition was higher in the FFO group than in the Control and FFIO groups during 90 months of follow-up (p£0.05, Figure 4 ).
Total cancer-free conditions were decreased as the follow-up time increased in all 3 groups (p£0.05, Table 6 ). (18) 10 (7) 22 (19) 7 (6) 19 (17) 3 (3) T4b 11 (10) 3 (3) 14 (12) 2 (2) 23 (20) 1 (1) Nodal-staging N0 28 (24) 47 (41) 0.00019 4.379
Discussion
26 (23) 44 (38) 0.0002 6.279
23 (20) 59 (51) 0.00001 11.261 N1
17 (15) 16 (14) 18 (16) 27 (23) 17 (15) (8) 8 (7) 13 (11) 9 (8) 12 (10) 2 (2) to control pathological responses of cancerous conditions [20] . The data were identical with the use of these regimens in the other cancer treatment [25] . To the best of our knowledge, the present study is the first to succeed in maintaining pathological responses in cancerous conditions in a Chinese population.
The cost of chemotherapeutic treatments was high, and overall survival irrespective of cancerous condition was less in the FFIO group than in the FFO group. FFIO regimens have more of cycles, more chemotherapeutic drugs, and higher scheduled and unscheduled costs than the FFO regimen [21] . The cost and overall survival analyses can assist decision-making in the selection of chemotherapeutic treatment regimens in rectal cancer.
There were more deaths in the FFIO group as compared to the FFO group. FOLFIRINOX is an aggressive regimen in rectal cancer, which has high rate of fatal chemotherapeutic treatment-emergent adverse effects [16] . In respect to selecting the FOLFIRINOX chemotherapeutic regimen, FOLFIRINOX should be used in advanced rectal cancer to control tumors.
There were more deaths in the Control group than in the FFO and FFIO groups. Surgery after diagnosis of rectal cancer or surgery following chemotherapy and radiotherapy is necessary for improvement of tumor staging and nodal-staging in rectal cancer patients [2] . However, surgical resection only leads to more chance of recurrence [7] . With respect to the choice of treatment for rectal cancer, chemotherapy improved the overall survival of patients, irrespective of disease condition.
There were fewer total cancer recurrence patients in the FFIO group than in the Control and FFO groups. The FOLFIRINOX regimen is predominantly used when patients have a high risk of metastasis [16] and was found to be safer safe than and superior to gemcitabine [26] . However, the FOLFOX4 regimen is used as the standard first-line chemotherapeutic treatment in Table 6 . Total cancer recurrence analysis as per treatment.
EP: after successful completion of treatment. Data were represented as Number (Percentage) . N/A -not applicable. p value for two tailed t-tests; q value for Turkey post hoc test. For statistical analysis, the cancerous condition of the patient was considered as 1 and total cancer free condition of the patient was considered as 0. RECIST guidelines evaluation. rectal cancer [4] , and surgical resection is the standard of care for rectal cancer [13] . In considering the analysis of outcome measures and treatment-emergent adverse effects, our study provides useful information for selection of a suitable regimen of chemotherapeutic agents according to stage of rectal cancer.
Limitations of the present study include the fact that the secondary effects of the combination of FOLFIRINOX and gemcitabine or FOLFOX4 and gemcitabine were not evaluated. The study was focussed on chemotherapeutic regimens only. The study did not evaluate radiological parameters related to treatment-emergent adverse effects and did not provide bifurcations of the cost of treatment. Sensitivity analyses testing was not reported in the manuscript. The survival data were generated to provide information on whether there was a systemic relapse.
